Abstract-
Introduction
A serious concern, particularly of developed countries, is that an increase in the older population will undermine the sustainability of the public healthcare system. This is supported by data showing that per capita health expenditures are five times higher for people older than 75 years of age than for those aged 25-34 years [1] . One reason for high medical treatment costs among older people is an increased prevalence of chronic disease in older people associated with decreased mobility. These mobility impairments increase the risk of disability, falls, loss of independence and all-cause mortality in older people [2] [3] [4] . Yet, physical activity and exercise have the potential to slow the development of disability resulting from poor physical function [5] . Traditional exercise programs have proven to be effective at reducing the number of falls [6] [7] [8] and improving measures of function and mobility in older people, including those with neurological disorders, such as stroke [3, 9, 10] . Principles of exercise therapy that have been proven beneficial for enhancing coordination and balance are the use of bilateral synchronous activities [11, 12] , repetition and taskorientated practice [10] , all components that are readily incorporated into virtual reality gaming activities. The purpose of this research was to design, develop and assess the usability of an interactive game requiring the user to shift the upper body outside the base of support from one side to the other in a manner that was controlled and repeatable. We used a game based approach as gameification has been known to increase engagement, allows for collection of quantifiable data throughout the therapy program (at every session and among sessions), and has the ability to provide increased difficulty as the user becomes more proficient at each level.
Related Work
While traditional methods of therapy have been shown to be effective to increase balance for older people, there is often a lack of adherence in home-based exercises [13] [14] [15] . In an attempt to reduce the load on the therapist and provide a more costeffective means of therapy, technologies have been introduced including robotics [16] [17] [18] and virtual reality [17, [19] [20] [21] . Rather than undergoing robotic therapies in a clinic environment, there has also been promise in the areas of gaming and virtual reality with readily available technologies like the Wii [21] [22] [23] [24] , the Sony EyeToy [19, [25] [26] [27] and more recently the Xbox Kinect [28] . Virtual reality gaming using off-the-shelf systems has been shown to improve measures of upper limb function in stroke survivors [29, 30] and balance in older people in community and hospital settings [31] [32] [33] [34] . While these devices have been shown to be safe and feasible for home-based therapy treatment, off-the-shelf systems may not provide enough flexibility to allow a therapist to modify the exercise programme if the participant finds the exercises too difficult or gains enough confidence to attempt more challenging exercises. Other authors have noted that the speed of off-the shelf games is often too quick for the older person [35] [36] [37] . In addition, the feedback provided may not be sufficient to engage the user effectively [17, 38, 39] as the games often provide a score for a specific game rather than comparative scores over a given timeframe which shows improvement. The benefits of these technologies are that they are inexpensive and can be easily implemented in the home environment, negating the need for therapist supervision. Perhaps their greatest benefit is that they provide real time feedback to the player and if designed effectively, are more enjoyable than traditional exercise, which may increase adherence. To increase the acceptability of virtual reality gaming by older individuals, we used an iterative design approach engaging the users in the development of the system.
Methods

User Centered Game Design
User centered design requires a cyclic methodology and is governed by the International Standards Organisation 9241-10:2010 Human Centered Design for Interactive Systems; a Standard of which very few engineers are aware or choose to ignore. The key criteria of this process include: explicitly understanding the needs of the users while engaging a multi-disciplinary design team, involving the users throughout the design process and driving design by user involvement and feedback with continuous iteration. We sought to use these requirements in the design of a game to engage the user to move outside the base of support (off-balance) to increase general stability of older people.
Game Design Strategies
Serious gaming is an area of virtual reality that includes games that can be used to achieve a specific outcome of which the primary focus is not play [40] . An interdisciplinary approach that integrates the knowledge of engineers with clinicians enabled the development of a virtual reality home-based exercise program with off-the-shelf equipment. A therapist can change the goals for the patient and observe the patient's adherence from the data recorded. Our goal was the development of a serious game to encourage the participant to reach and step outside their base of support while focusing on another task.
Assessing Therapy Requirements: Stakeholder Input
Balloon volleyball is a common strategy for training balance. It is used as a method to challenge a person's standing balance with a degree of perturbations that are unpredictable. Ankle, knee, hip and stepping balance control strategies [41] [42] [43] [44] are often employed as the balance challenge component of the task increases. In addition rehabilitation requires consideration of the principles of motor learning [45] [46] [47] [48] [49] in order to produce optimal outcomes. These include: the benefits of functional and meaningful activities on the retention of skill; [50] [51] [52] the use of functional tasks [50] [51] [52] ; the need for task specificity where the rehabilitation components focus on the desired outcome (in this case being able to maintain balance in standing and respond to perturbations of balance); and the need for high levels of repetition and balance [53, 54] . Balloon volleyball aligns to these key principles. However, the activity requires at least two people to pass the balloon to each other. We chose to develop a game that would allow keen balloon volleyball players the opportunity to practice independently at home while also being able to quantify functional improvement while stretching and reaching. The purpose of this clinical task was to require individuals to focus on catching a balloon. The activity was designed to employ stepping balance control strategies where the participant was required to move outside their base of support, as well to incorporate bilateral synchronous upper limb strategies to catch the balloon.
Serious Gaming Requirements
Rego et al. [55] have proposed a serious gaming taxonomy for rehabilitation. Using this taxonomy, the serious game for balance rehabilitation developed with the Kinect system was as follows:
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 Application area: Falls prevention was the main area of research, hence training of coordination and balance. The game design required the individual to move outside the base of support to require stepping while focusing on another task (catching a balloon) with the use of both hands.  Interaction technology: A virtual reality type interface with the user interacting with objects on a screen using the Microsoft Kinect sensor.  Game interface: Two dimensional with the game being projected on a large projection screen or wide screen television.  Number of players: Since this game was to be used for individual practice training, only one player at a time would need to play the game.  Game Genre: The simulation of a balloon falling and the individual attempting to catch using both hands (it was determined that single hand capture did not require as much movement outside the base of support).  Adaptability: This is needed to increase motivation and confidence. As the participant acquires basic skills, the level of difficulty needed to perform the task should be increased. It is important to ensure that the speed and drop location of the balloons is randomly distributed to prevent anticipatory actions.  Progress monitoring: A therapist must be able to evaluate the participant's progress and increase the game complexity as the participant becomes more adept at the task. The sessions must be recorded to allow for an evaluation of weakness (for example, if an individual has difficulty stepping in one direction).  Performance feedback: Measureable rapid feedback was necessary to create the required motivation for the patients and to measure the performance of the patients after each session of practice.  Portability: As the system requires only the Kinect sensor and a computer, the system is easily portable to a participant's house. In addition to the requirements for serious gaming, other important criteria included:  Simplicity-This being an unproven technology for rehabilitation programmes, initial feedback required of the system was to be assessed. The patient's involvement and motivation also needed to be considered. A complex, high speed game could generate frustration among the patients affecting the feedback and outcomes.  Visually appealing-Playing a game in a rehabilitation programme with a dull environment generates less interest when compared to the multi coloured environment with other attractive features like dynamic change of colours, etc.  Movement and appearance of virtual objects -It is more challenging to chase moving objects. This is an inherent characteristic of humans which is commonly seen among children. The same can be applied to patients during the initial phase of rehabilitation.  Challenging -For the player, every game has to push the patients to the edge where they have to stretch slightly beyond their perceived limits. This is the most essential feature to make the patient acquire the skill.
Hardware
The Kinect sensor with the downloadable software development kit (SDK) was used to develop the game. The technology enables the Kinect to "perceive" the environment in front of the sensors in 3D form and then translates these perceptions into a synchronized depth image. The Kinect has a depth sensor, a RGB camera and a CPU inside. The CPU acquires the depth image by directing the infrared light at the person. The image sensor then reads the coded reflected light back from the person/scene. The device then processes the data to create an accurate per-frame depth image. All sensory information like depth image, colour image and audio is then transferred to the console connected to the Kinect [56] . The Microsoft software is used to match the person's avatar with the images sensed by the camera.
Participant Testing
Ethics approval was obtained from the University of Auckland Human Participant Ethics Committee to use this testing protocol for evaluation of the therapeutic game. Two different testing stages were conducted to allow for iterative improvement throughout the design process.
Preliminary Testing with Younger Adults
The game was evaluated by five typically developed adults to evaluate reaction time and movements. Each participant completed each of the three levels (slow, medium and fast), then completed a questionnaire developed by Lange et al. (2010) focussing on game enjoyment, level of exertion, ease of use and general satisfaction with the game [57] .
The younger adults who participated were generally familiar with computers and gaming. Two had seen rehabilitation programs, but not virtual 40 reality gaming techniques for rehabilitation. During the gaming trials, observations were recorded by the researchers. Although all participants reported that the game was easy, no individual achieved a perfect score during testing.
Game Changes after Initial Resting
Upon receiving general comments from the testing by both younger participants and two physiotherapists who observed the testing procedure, the following changes were made to the interface. 1. The font size of the display was increased to allow older participants to effectively read their scores. 2. A confined area of interaction space was defined.
Loss of sensor detection occurs when beyond sensor range from which it is hard to recover.
Further investigation was required into the
Kinect function to reduce the time lag between movements of the individual and the avatar response. This issue does appear to be inherent within the system (http://www.1up.com/news/kinect-lageliminated-developer). Responding to this time lag requires practice by the user, but the player should be able to feel the time lag and react accordingly. This is similar to the actions required in vehicle response when driving (a time lapse occurs between action of the driver and reaction of the vehicle). After incorporating changes to the software from the group of younger adults, the following game resulted.
Description of the Game
Balloons of different colour drop from the top of the screen and the participant must catch the balloon with both hands. The player's hand positions are projected on the screen to allow a visual interception of the hand with the balloon. The balloon drops straight down along any of eight lines across the screen from random locations. The participant has to move his body (not just his upper extremity) to capture the balloons to the extreme right and left sides. This requires the participant to shift the centre of weight while focusing on hand manipulation rather than concentrating on foot placement. The screen was divided into quadrants; upper and lower for each side.
The scores were distributed across the quadrants such that if the balloon was caught in the upper quadrants (faster reaction time), the score was twice that in the lower quadrant. The speed of the falling object or balloon could be controlled by entering the time interval in the program (or the slow, medium or fast selection on the first screen of the program -equivalent to 8/min, 15/min, or 30/min respectively if none were caught). Catching the balloons meant that more dropped in the same timeframe. The goal of the game is to collect as many balloons as possible in a given time period (for our study this was set at 1 minute for medium and fast speeds and 2 minutes for the slow speed).
Data Analysis
On completing the game, the number of balloons successfully caught towards the right, centre and left of the screen were displayed. Although initial performance characteristics were only displayed as a score, the final design included a percentage average score calculated as follows:
as well as a message. Three cut-off percent values were decided and their corresponding messagesFor % Avg. value ≤ 50% the message was -"GOOD JOB. BETTER LUCK NEXT TIME". For 50% < % Avg. value ≤ 75% the message was -"YOU CAN DO BETTER" For 75% < % Avg. value ≤ 100% the message was -"EXCELLENT JOB". In addition, performance evaluation graphs for each game were displayed. The graphical representation gives feedback to the user in an efficient manner. The scores of each game are stored in XML format for last 5 games played.
The responses for the Likert scales from the usability questionnaires were analysed using chisquared test to determine if there was a difference between the older group and the younger participants. The comments made by participants were analysed using a general inductive approach as this is a commonly used systematic procedure used for analysing qualitative data [58] .
Formal Testing with Older Participants
Five older participants (greater than 75 years) were invited for the trial. Each participant was briefed on the trial procedure and was given some practice time to better understand how to manipulate the "hands" on the screen. Each participant filled out a usability questionnaire (from Lange et al. [57] ) that included a Likert based scale from 1 to 5 to answer each question. The participant demographics can be found in Table 1 . 
Results
Participants were generally quite pleased with the game and became engaged (Figure 1 and observations by the researchers during the testing documented in Table 1 ). Figure 1 shows an individual engaged in the game. Note the balloons falling from the top of the screen, while the hands attempt to grasp it.
Quantitative Measures of Success
The % success rate at each of the speeds and at each of the locations can be observed in Figure 2 (Participants 1 and 2 did not complete the medium and fast speeds). Although the first two participants appeared to have difficulties, three were very successful. For the balloons dropping in the centre of the screen, the participant did not move outside the base of support and was generally quite stable. When the participant was required to reach to the right or to the left, the game became more difficult and the participant's balance was challenged as they reached from one side to the other. 
Usability Questionnaire Feedback from All Participants
Each of the participants (from both the preliminary trial and the formal trial) was asked to answer a questionnaire to collect general feedback on the programme [57] . The results from the questionnaire are listed in Figure 3 . There were no significant differences between younger and older participants for any of the questions except for the question "I feel as though I would benefit from playing with this game in therapy". Older adults judged the game as being significantly more beneficial for therapy than younger participants (younger = 2.75 and older = 3.5, p=0.054). 
4.3.
Qualitative Responses Participants were permitted to add comments to their evaluations. In general, the participants liked the game and commented that it was similar to the real balloons they have used in training. They found the use of the Kinect innovative and interesting and were surprised to see it adapted to a rehabilitation programme for their benefit. There was mixed response about the challenge involved, though the three different levels presented adequate challenge overall. A wide screen TV was used in the testing, but many commented that they do not have access to a large screen at home and may be difficult to implement in a home environment. Most importantly, loss of detection of the hands of participants can be a very de-motivating factor. Another option to increase motivation may be to add auditory feedback.
Discussion
This paper discusses an iterative approach to the development of a game for individuals with balance impairments. The most important aspect of designing such a game is the interaction with the users throughout the process. Many games are developed prior to effective testing and this limits their usefulness. Principles of motor learning and exercise therapy were important in the game design. Exercise programs have shown that coordination and balance is enhanced with bilateral synchronous activities [11, 12] , which was achieved by the requirement to coordinate two hands while catching the balloon, and repetition [10] , achieved by multiple balloons dropping at varying locations at each given level. In our case, we tested control participants to ensure that the system was effective, and proceeded to test participants who were within the population to which we wanted to appeal. By integrating the requirements of game design for serious gaming with feedback from younger participants, older participants, and therapists, a system was developed that could effectively meet the needs of both the therapists and the participants.
Although young adult participants all commented that the game was easy, none achieved a perfect score. This suggests that the game is challenging enough to allow for increasing difficulty across therapy sessions. The same was observed for the at home trial conducted as the participant continued to play the "fast version" of the game, while still not achieving a perfect score. It will now be important to evaluate the therapy treatment as compared to traditional methods of treatment to evaluate the effectiveness of this gaming protocol.
The results from the usability questionnaire showed that in general, the participants all found the game motivating, beneficial for therapy and easy to control. Of note, the individual who participated in the game for an at-home trial gave full marks for these questions, an improvement on his initial rating. Few negative responses were reported, though this may be due to the novelty of the equipment, game and task. The older adults appeared to find the game more frustrating and harder to use, but this was not significant. They did however indicate that they can see the game being more beneficial to therapy than the younger population. The younger population doesn't have a need to undergo balance therapy and thus wouldn't judge this question of importance.
Although gaming has been used for participants with stroke using off the shelf technology, only a limited number of Kinect games that are specific for older adults have been developed for upper limb rehabilitation. Those that have been developed only require the individual to move to a stationary object and use one hand [59, 60] , while the game discussed herein used a bimanual grasping task that more closely simulated clinic rehabilitation.
Positive responses were observed throughout the iteration process from all users, but it is not possible to predict whether increased adherence will result when using the system as compared to traditional means of therapy. Further studies are needed to evaluate adherence, increased balance control and continued enjoyment of the therapy.
Conclusions
User Centred Design methods in the development of a game are important to ensuring satisfaction with the game from the perspective of clinicians and participants. The Kinect was effectively used in the process of designing and developing an interactive game that required the user to shift the upper body outside the base of support from one side to the other in a manner that was controlled and repeatable. The users commented that the game was more engaging than typical physiotherapy sessions. This game wascreated for the purpose of rehabilitation and enabled effective interaction with the gaming environment while attempting to improve balance strategies. Further testing is required to evaluate effectiveness of this therapy over time, but this study showed that the multidisciplinary approach was effective in providing users with an engaging interactive game.
